Abstract
Introduction
This paper briefly summarizes the cyclotron portions and also the major conclusions of a 2 year medical ion accelerator design study at Lawrence Berkeley Laboratory. This study, carried out by a group led by one of the present authors, included work on a number of accelerator, beam delivery and medical topics, and is summarized in a Final Report1, which provides much more information than can be presented here. A short summary was also given in Ref. 2 . The goal of the study was to provide preliminary design of accelerator and beam delivery systems which would meet the medical requirements for ion beam therapy, radiography and perhaps also isotope production. Concerning the choice of ions, the greatest emphasis was given to heavy ions between carbon and neon, because of their unique combination of biological and physical advantages. The other particles considered were protons and neutrons. Emphasis was placed on using proven technology, which would guarantee highly reliable accelerator performance in a hospital environment.
Medical Requirements
The relation of range vs. energy for ions of interest is given in Fig. 1 
Cyclotron Injectors
This study concluded that the preferred system for producing beams of carbon and neon consists of a cyclotron or linear accelerator injecting a synchrotron. Either injector will supply adequate beam intensity, but a cyclotron could also produce isotopes and neutrons with its light ion beams. Cyclotron injectors are described here. The first component which determines the beam intensity of a cyclotron is the ion source. The ion source assumed here is the PIG source used in most heavy ion cyclotrons and linacs. The beam intensities available of the various charge states of carbon and neon beams are shown in Table 2 . The total output is assumed to be 10 emA. If charge state 1 is required, all the current is assumed to be in that charge state. If a charge state of 2 or more is required, the charge state distribution of Bennett3'4 is assumed. provide sufficient beam intensity and be stripped to C6+
for 100% extraction of good quality beam. A layout of this design is shown in Fig. 5 . The cost is shown in Fig. 6 . A CW superconducting cyclotron is also a possibility for C5+, and would have a similar cost to the FM design above.
Another conceptual design was done for a fixed energy 250 MeV isochronous proton cyclotron with normal conducting coil. It uses a 2 T field and 2 dees in valley similar to a previous design9 for 150 MeV p. Its cost is also shown on Fig. 6 .
The base cost vs. K for all main stage cyclotrons and synchrotrons studied is shown in Fig. 6 . The cost includes injector, control room, computer control and installation, but not design, building, shielding or contingency. The curve for "Superconducting Cyclotrons" has been adjusted downward slightly from the Ref. A-heavy ion injector with neutron and isotope production;
B-heavy ion injector with isotope production; C-p,a injector with isotope production; D-p,ca injector only. 
